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INTRODUCTION
Over the last few years, neonatal mortality rates are reported to have declined considerably in many Western countries. In the developed countries, the perinatal mortality rate is <10/1000 live births as compared to the alarmingly high rate of 60-120/1000 live births in India. About 1.5 million perinatal deaths occur every year in our country. [1] Important causes of neonatal death are low birth weight (LBW), respiratory distress syndrome, birth injury, congenital anomalies, hemolytic disease of newborn, conditions of placenta and cord, diarrheal disease, and acute respiratory infections. [2] Pulmonary pathology is the most common cause of death in preterm babies in most of the autopsy studies. The development of lung starts early during the embryonic life, and thyroid transcription factor-1 (TTF-1) plays a vital role in morphogenesis of lung and differentiation of pulmonary epithelial cells as well as in the transcription of surfactant proteins (SP-A, SP-B, and SP-C) and Clara cell secretory protein. Pulmonary surfactant is required for adaptation to air breathing after birth, reducing surface tension at the air-liquid interface to maintain lung volume during respiratory cycle.
This study was done to analyze the causes of neonatal death in a tertiary care center with emphasis on the spectrum of pulmonary disorders along with special reference to expression of TTF-1. In addition, we have studied the spatial distribution of TTF-1 in different levels of lung parenchyma, which has not been elaborated in details earlier.
MATERIALS AND METHODS
A total of 25 autopsies were performed on neonates, who died in the Neonatal Intensive Care Unit (NICU) of our hospital over a period of 2 years. Consent was taken for every case.
The complete autopsy was performed after taking anthropometric measurements and weights of all the vital organs including lungs, liver, brain, kidney, heart, and spleen. Representative sections were taken from all vital organs. Two sections from the each lobe of the each lung were taken from hilum to the periphery.
Then, immunostaining with TTF-1 (monoclonal, DAKO) was performed, and immunohistochemical localization of TTF-1 was evaluated by light microscopy at three different levels of the airways including intrapulmonary bronchi (IB), intermediate airways, i.e., the so-called terminal bronchioles (TBs), and distal bronchioles and alveoli (DB, A). Immune expression was categorized as normal expression and reduced or absence of expression.
We divided our 25 cases into study and control groups. All the neonates who died due to respiratory pathology (e.g., hyaline membrane disease [HMD], pneumonia, and pulmonary hemorrhage) were included in the study group, whereas neonates died due to other causes (e.g., septicemia, congenital abnormalities, and birth injury) were included in the control group. Among 25 neonates, 15 were in the study group and 10 were in the control group. The spatial distribution of TTF-1 in the study and control groups was analyzed by Chi-square test.
We used the statistical data analysis Statistica version 6 (Tulsa, Oklahoma: StatSoft Inc., 2001) for statistical analysis.
RESULTS
Among the 25 autopsies, 15 (60%) neonates died due to respiratory pathology. Of these, 9 (36%) cases had HMD, 3 (12%) had pneumonia, and 3 (12%) had pulmonary hemorrhage. Among the rest, 6 (24%) had septicemia, 3 (12%) had congenital anomalies, and 1 (4%) died due to birth injury with intracranial hemorrhage.
S i x t e e n ( 6 4 % ) o f t h e s e n e o n a t e s w e r e p r e t e r m (gestational age <37 weeks) and 9 (36%) cases were term (gestational age ≥37 weeks).
Three (12%) had birth weights of >2500 g, 7 (28%) had birth weights between 2000 and 2499 g, 4 (16%) had weights of 1500-1999 g, and 11 (44%) had birth weights of <1500 g.
The mean birth weight of the cases was 1827.4 g and of the control group was 1787.9 g. The mean birth weights for both the groups were below the cutoff mark of traditional LBW.
In the nine cases of HMD, TTF-1 expression in epithelial cells of IB, DBs, and alveoli was absent in all the nine cases and expression at the level of TBs was absent in six cases and reduced in three cases. In the three cases of pneumonia, TTF-1 expression in epithelial cells of IB and TBs was absent in all cases, but at the level of DBs and alveoli, it was absent in two cases and reduced in one case. In the three cases of pulmonary hemorrhage, TTF-1 expression in epithelial cells of IB was absent in all cases, but immune expression was absent in two cases and reduced in one case in TBs, DBs, and alveoli. Analyzing the distribution of TTF-1 expression in the control group, we observed that the expression was normal in the epithelial cells of TBs, DBs, and alveoli and absent in IB in one case of birth injury. In the three cases of congenital anomalies, expression was absent in IB in all the cases, normal in two cases, reduced in one case in TBs, and normal in all three cases in DBs and alveoli. Among the six septicemia cases, TTF-1 expression was absent in IB of all cases, normal in one case, reduced in three cases, and absent in two cases in TBs and normal in four cases and reduced in two cases in DBs and alveoli [ Table 1 ]. 
On analyzing the data, it was found that TTF-1 expression at the level of TB was significantly reduced in the study group (HMD, pneumonia, and pulmonary hemorrhage) compared to the control group (P = 0.041).
Also analyzing the TTF-1 expression in DBs and alveoli, it was observed that the TTF-1 expression was significantly reduced in the study group than the control group (P = 0.001). At the level of IB, there is no significant difference in TTF-1 expression between the study and control groups [Figures 1 and 2] .
We also analyzed the distribution of cases and controls according to gestational age; however, no significant association was found between gestational age and pulmonary pathology (Fisher's test; P = 0.53) [ Table 2 ].
DISCUSSION
Neonatal period is the single most hazardous period of life; never again in life is the individual confronted with more dramatic challenges than in the transition from dependent intrauterine existence to independent postnatal life. To determine the priorities in neonatal care, it is important to know the magnitude of each disease entity. It is important, therefore, to correlate the antenatal history, clinical profile, and cause of death. Hence, knowledge of the spectrum of common neonatal disorders in the Indian context is important as it would be of help in developing appropriate facilities and management protocols to improve neonatal survival.
Neonatal mortality is directly related to birth weight and gestational maturity of the infant. Among the preterm babies, respiratory distress syndrome is one of the major causes of death. [3] Among the respiratory causes, HMD was diagnosed in 36% cases, pneumonia in 12%, and pulmonary hemorrhage in 12%. There are several reasons that may explain this increase of HMD incidence in our study. The first reason is that in our study all HMD cases are LBW neonates, with birth weight ranging from 846 g to 1478 g. Second, there is an increasing incidence of infants being delivered by elective cesarean section (CS), especially before onset labor. [4] Our study was, however, not designed to investigate an association between CS and HMD, but all our cases of HMD were delivered by CS. According to the WHO Bulletin 2006, neonatal deaths due to sepsis and pneumonia is 26% globally and 27% in Southeast Asia. [5] [6] [7] In our study, pulmonary hemorrhage was observed in 12% cases, whereas 6% was reported in 7 th WHO Bulletin 2006 [5] and 21% by Decosta et al. [8] According to Speer et al., at autopsy, the incidence of neonatal pneumonia ranges from 20% to 32% of live born, and in our study, it was 12%. [9] The results of our study could vary with others because of local ethnic factors, medical expertise of the NICU, and sample size.
Pulmonary pathology is the most common cause of death in LBW babies in most of the autopsy series. Miller found pulmonary pathology in 50% of cases in LWB babies. [10] In our study, 12 (48%) cases are LBW and died due to respiratory diseases.
TTF-1 is a well-known growth factor for early lung development.
Human TTF-1 protein has been reported to be detected in human fetal lung from 11 weeks of gestation, being localized in the nuclei of epithelial cells of the developing airway. It regulates the expression of surfactant-associated protein and Clara cell secretory protein. In general, the intensity of TTF-1 staining of terminal airways and cuboidal bronchiolar epithelium, especially those at the periphery of lobules and abutting septa, was more pronounced than in more proximal airways, especially in late gestational age. By 36 weeks of gestation, reduced labeling for TTF-1 has been observed in the conducting airways at all levels, whereas nuclei of Type II cells in respiratory airways and alveoli remained well stained. [11] TTF-1 expression in TBs decreases as the gestational age progresses and it becomes restricted in the nonciliated cuboidal epithelium, especially those at the periphery of lobules and adjacent to peribronchial and perivascular connective tissue near term. In our study, it was observed that in the control group with gestational ages between 24 and 30 weeks, expression is normal (similar to normal lung development), but thereafter between 30 and 32 weeks it is reduced and near term (37 and 38 weeks) it becomes restricted to very few number of cells or absent at the periphery of lobules and adjacent to peribronchial and perivascular connective tissue. However, it does not show any statistically significant data because of the very small sample size which is a limitation of our study. In the study group, expression varies as the disease process reduced the TTF-1 expression. As among nine cases of HMD, four had gestational ages between 28 and 30 weeks, when normal TTF-1 expression in TBs is expected; however, we observed reduced or absent expression. The other three cases with gestational ages between 32 and 33 weeks had absent expression. TTF-1 expression in epithelial cells of alveoli and DBs was absent in all cases of HMD irrespective of gestational age; however, in the control group, it was normal, except in two cases where it is reduced.
From these observations, it is clear that in HMD, TTF-1 expression is absent in TBs, distal airways, and alveoli and reduced in IB. TTF-1 is required for lung morphogenesis and SP synthesis by Type II cells. Lack of TTF-1 leads to a reduction in the amount SP synthesized and can contribute to the development of HMD. However, the distribution of TTF-1 is not sufficient to explain the heterogeneity of gene expression of the SPs in the developing and postnatal lung. TTF-1 activates SP gene and CCSP promoters in concert with AP1, HNF family members, and other nuclear proteins that interact with the promoter elements of these genes. [12] In the present study, TTF-1 was not detected in Type I epithelial cells or in the ciliated cells in the conducting airways, suggesting that the differentiation of the subsets of cells from earlier progenitor cells is associated with the loss of expression of TTF-1.
In pneumonia, TTF-1 expression in epithelial cells of TBs was absent in all cases, whereas in DBs and alveoli, it was absent in two cases and reduced in one case. In pneumonia, activated neutrophils release, a variety of factors, such as leukotrienes, proteases, and platelet-activating factor, which contribute to local tissue damage, resulting in reduced or absent TTF-1 expression. Li et al. also observed similar results. [13] In pulmonary hemorrhage, we found reduced or absent expression of TTF-1 in TBs and DBs and alveoli. Yeung proposed that pulmonary hemorrhage in the newborn occurs predominantly in LBW infants and is associated with many conditions that occur commonly in these infants, such as HMD, perinatal hypoxia, intrauterine growth retardation, kernicterus, hypothermia, aspiration, and infection. [14] He also established that pulmonary hemorrhage occurs as a complication of infection in the newborn infant. In our cases of pulmonary hemorrhage, the presence of underlying infection or HMD is also possible for which TTF-1 expression is absent or reduced. However, we could not diagnose it possibly because of severe hemorrhage obscuring the findings.
It is important to mention that none of the earlier studies in this context have tried to establish the pattern and distribution of TTF-1 in different levels of lung parenchyma. We found that TTF-1 expression in TB is significantly reduced in cases (HMD, pneumonia, and pulmonary hemorrhage) than the control group (P = 0.041) and also the TTF-1 expression in DBs and alveoli is also more significantly reduced in the same group (P = 0.001). Statistical analysis of TTF-1 expression in each of the individual disease condition in comparison to control group was not possible in our study because of the small number of cases in each individual group.
CONCLUSION
In this study, we observed that the majority of the neonatal death happened due to respiratory diseases, and among them, HMD is the most common one. Within this group, the expression of TTF-1 is significantly reduced in TBs, distal airways, and alveoli.
